Thermoacoustic heat engines can be used to produce sound from heat and to transport heat using sound. The air-filled prime mover studied is a quarter wavelength resonator that produces sound at nominally 115 Hz for a temperature difference of A T = 176 K. Specific acoustic impedance at the mouth of the prime mover was measured as a function of the temperature difference between the hot and cold heat exchangers. The real part of the impedance changes sign for sufficiently large temperature differences, indicating the possibility of sound production. The theoretically predicted radiation impedance of an open pipe was compared to the measured impedance curves. The operating point was confirmed from the intersection of these experimental and theoretical impedance curves. These measurements allow for analysis of the prime mover as a sound source as discussed in a recent theoretical paper [T. B. Gabrielson, J. Acoust. Soc. Am. 90, 2628-2636 (1991)].
INTRODUCTION
Thermoacoustic engines are used to transport heat using sound and to produce sound from heat.
• The latter application is the focus of this letter. Thermoacoustic sources are also known as prime movers by analogy to heat engines in thermodynamics.
• Recent work has considered use of thermoacoustic prime movers as underwater sound sources. 2'3 Applications to both gas and liquid-filled prime movers were investigated. A schematic diagram of a prime mover is given in Fig. 1 . Starting at the top in Fig. 1 , the essential elements are a section of a resonator with a cap on the end to establish a velocity node; a hot heat exchanger, indicated by vertical lines, to inject heat; a heat ionsulating section, shown as the squares region, known as the stack which supports the temperature gradient between the heat exchangers; and a cold heat exchanger to remove excess heat. When the hot heat exchanger faces a velocity node (or pressure antinode), acoustic power can be produced in the stack for sufficiently large temperature gradients. The radiation impedance at the mouth and the length of the resonator determine the condi- The heat exchangers were made by laminating with epoxy copper sheets spaced by aluminum sheets. The copperaluminum laminate was then turned to a cylindrical shape using a lathe. The cylindrical boundary was cladded with a shell of copper about 2.5 mm thick by using an electroplating technique. The heat exchanger was then machined into a disk form and inserted into a flanged holder for attachment to the other elements. Then the aluminum was etched away using a diluted hydrochloric acid solution. ly. The measured impedance can become a function of the amplitude of driving pressure signal at high levels due to the alteration of the static temperature gradient by thermoacoustic streaming. 9
The real and imaginary parts of the measured specific acoustic impedance as a function of the temperature difference are shown in Fig. 2(a) and (b) . The real part becomes negative at some frequencies, indicating the possibility of having an active system with reflection coefficients greater than one. Fig. 2(a) and (b) . One immediate check of the measurements is that the initial operating point ( 115 Hz, A T = 176 K) given by the plus symbols occurs, for both the real and imaginary parts of the radiation impedance, at the intersection of the calculated and measured impedance values.
Radiation impedance is represented by the dashed lines in

II. CONCLUSION
Specific acoustic impedance measurements were made as a function of the temperature gradient across the stack. Among other uses, these measurements are helpful for evaluating the possibility of using the prime mover as a sound source. Another interpretation of Fig. 2 is, for example, 
